SUMMARY The Finnish Register of Congenital Malformations was used in a multivariate analysis to explore the associations between maternal occupation in industry and children born with central nervous system (CNS) or musculoskeletal or oral cleft malformations. Possible confounding factors were selected in preliminary screening of risk indicators for malformations. These factors included characteristics of the mother, the child, and the family; maternal illnesses; and maternal medication at the time of pregnancy. Tobacco smoking was a confounding factor for all types of malformations; number of children born to the mother, maternal age, malformations in the family, number of rooms occupied by the family, sex of the child, threatened abortion, and continuous medication of the mother during the first trimester confounded the association for certain types of malformations. After adjusting for confounding factors, maternal occupation in industrial trades significantly correlated with CNS, oral cleft, and musculoskeletal malformations in the offspring. Maternal occupation in industry and construction only was significantly associated with CNS malformations in the offspring but the associations with oral cleft and musculoskeletal malformations were not significant.
Environmental factors are thought to contribute to the aetiology of cdngenital malformations because the incidence of these malformations shows a large geographical variation and some seasonal variations.1 Furthermore, in migrant families the incidence appears to be adjusted towards the level of the new population which the migrants are joining.'
Other evidence on the role of environmental factors is the socioeconomic variation in the incidence of congenital malformations observed in many countries. ' The environmental factors that cause human malformations appear to be largely unknown.5 Yet several chemical factors, such as medicines, have been implicated as being teratogenic to man."
Certain kinds of work may lead to exposure to harmful chemicals and some apparently at-risk occupations have been described in the literature. An increased incidence of congenital malformations has been reported in the offspring of operating theatre personnel,9"-1 vinyl chloride polymerisation workers,12 copper smelters,13 laboratory technicians,14 and people exposed to solvents.15 In addition, studies on the relationship of parental occupation to malformations in the offspring have suggested increased risks for certain industrial occupations." '-- We have reported previously that industrial occupations are more often found among mothers of 5 cases than among mothers of controls in the Finnish Register of Congenital Malformations.20 The parental occupations were recorded prospectively, thus avoiding the effects of a selective memory bias. However, as the controls were matched only for time and place of birth, the observed associations between industrial occupations and malformations could have been confounded by many factors. In the present study we attempt to control for the effects of these factors using multivariate analysis.
Material and methods
The (control) individuals are analysed to ascertain exposure. The model is set for these conditional exposure probabilities: (that is, the infliuence of Z on exposure probabilities is common to both cases and controls). From the above formula the exposure odds ratio (EOR) can be derived: The confounding factors were chosen for the multi variate analysis on the basis that they associated with the three types of malformations in a preliminary screening of the factors and' that they were conceivably related to occupation. Table 1 shows all the variables which were taken into the multivariate analysis. Some apparent confounding factors were omitted from the analysis for two reasons, either because they were considered a product of maternal memory bias (for example, reported depressive state during pregnancy), or because they were considered to be caused by the malformation (for example, low birthweight of the child). The factors are considered as binary variables in Table 1 and in the calculation of the original odds ratios for occupation in Tables 2, 3 , and 4. In multivariate analysis each confounding factor was described quantitatively in 2 to 10 different categories, increasing or decreasing in magnitude. Only the first trimester of pregnancy was considered and the maternal illnesses and medication were listed in three categories according to the month (1 = first, 2 = second, 3 = third) of pregnancy in which an illness was first contracted or a medication used.
Results
The risk indicators of malformations considered as possible confounding factors in the association of maternal occupation with malformations in the offspring (see Table 1 The variables that appeared to confound the association of maternal occupation in industry with CNS malformations in the offspring were the number of children born to the mother, malformations in other family members, number of rooms occupied by the family (probably a social class factor), maternal tobacco smoking habits, and continuous medication of the mother during the first trimester. The controlling of these factors increased the odds ratio from the original 1-49 to 1-98 (p <0-001) for the offspring of the mothers employed in industry, construction, transport and communications (Table  2) . Consideration of the offspring of only industrial and construction workers resulted in a revised odds ratio of 1 81 compared with the original odds ratio of 1-62.
A similar analysis was carried out of the association of maternal occupation in the industrial trades with oral clefts in the offspring (Table 3) . After adjustment for maternal age, tobacco smoking, and threatened abortion during the relevant pregnancy, the odds ratio increased from the original 1-26 to 1 38 (p <0.05). Consideration of only industrial and construction workers increased the odds ratio to (non-significant).
Adjustment for the confounding factors (malformations in the family, sex of the child, and smoking habits of the mother) in the analysis of the relationship between industrial occupations and musculoskeletal malformations in the offspring only slightly affected the odds ratio (1-33; Table 4 ). The odds ratio for the offspring of industrial and construction workers only was smaller, 1 22, after the multivariate analysis.
Discussion
The original analysis of parental occupation in relation to congenital malformations in the offspring showed increased odds ratios for certain maternal but not paternal occupational groups.29 Central nervous system and musculoskeletal malformations were more common in the offspring of industrial and construction workers; oral clefts were more common in the offspring of transport and communication workers. However, as the series was matched only for the time and place of birth, confounding factors related to occupation could affect the observed relationship. In respect of industrial workers, the most likely sources of confounding are the determinants of employment or of social class. These may include age, family size, social habits such as tobacco smoking, dietary and hygienic factors, and illnesses.
In the present multivariate analysis attempts were made to control the confounding factors. Three different types of variables were controlled. The first included characteristics of the mother and the child, and of their family, found to be associated with the three types of malformations in our primary screening. Several variables of this group appeared to confound the association of maternal occupation in industry with malformations in the offspring. The only confounding factor for all types of malformations was tobacco smoking, which has been reported as being associated with malformations in some previous studies,30 31 One possible source of spurious associations is the design of the register, as the time interval between the delivery and the interview is from two to six months. A deficit of an occupation in the controls may develop if those in that occupation move frequently, or if the number of persons employed decreases rapidly. Such bias should, however, affect all the types of malformations equally; thus the findings of the present study cannot be explained by the bias.
The controlling of the confounding factors either increased or decreased the association of maternal employment in industrial trades with malformation in the offspring. After the multivariate analysis, maternal occupation in industry (industry, construction, transport, and communications) was significantly associated with CNS, oral cleft, and musculoskeletal malformations in the offspring. Central nervous system malformations appeared to be particularly common among the children of industrial and construction workers, while oral cleft and musculoskeletal malformations were common among the children of transport and communications workers, although this group was so small that it could not be analysed separately. Thus some occupational factors may constitute a true risk for the embryo. The identification of the specific agents and factors which constitute the occupational exposures is a challenge to be met in further studies.
